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Cell/biomaterials interaction

he cell/material interaction is a complex, dynamic process in which the cell and the material synergistically influence the fate

of the cell. Indeed, both materials intrinsic (i.e. topography, charge, (-potential, and contact angle) and extrinsic properties (i.e.
surface functionalization, crystallinity, etc.) played a pivotal role in dictating the type and strength of the biological responses (Figure
1). Furthermore, the ability of biomaterials to release bioactive molecules (i.e. resveratrol, fluoride, etc.) expands the possibilities to
control cell-cell interactions and/or intracellular signal transduction. Our recent research demonstrated a functional role of charged
polymers in altering or supporting the osteogenic differentiation of mesenchymal stem cells (MSCs) through the modulation of
the ephrinB2/EphB4 interaction. Indeed, cell-cell signaling pathways that lead to efficient differentiation of stem cells include the
interaction of Ephrin ligands (ephrinB2) with Eph receptors (EphB4). For the first time we have shown that high charged polymers
can affect the Eph/ephrin interaction between neighboring cells inhibiting the MSCs osteogenic differentiation via the perturbation
of the bidirectional signaling. In contrast, low charged polymers modulate the differentiation of MSCs into an osteocyte lineage via
cell-cell ephrinB2/EphB4 signaling.

Moreover, we demonstrated that electrospun PCL and PLA nanofibers loaded with resveratrol (RSV) differently modulate DPSCs
osteoblast differentiation and inhibit osteoclastogenesis depending on their RSV release kinetics. Our results indicate that the
slow and continuous RSV release from PLA was able to modulate both osteoblast and osteoclast differentiation representing a
promising material for the preservation of post-extraction integrity of alveolar socket. Taking together, our results highlight that
rationally designed materials can give rise to biomaterials able to modulate functional aspects of biological signaling. Furthermore,
understanding the mechanisms by which cells respond to external stimuli could be a successful strategy i.e. in cancer therapy,
regenerative medicine, etc.
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Figure 1: Schematic illustration of cell/biomaterials interaction. Intrinsic and extrinsic materials properties could affect cell fate
and tissue development inducing a cell response.
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Hybrid smart nanocrystals and the shielding effect of phospholipid bilayer for biomedical application

Statement of the Problem: Zinc oxide nanocrystals (ZnO NCs), thanks to their unique properties, are receiving much attention
for their use in nanomedicine, in particular for therapy against cancer. To be efficiently employed as diagnostic and therapeutic
(yet theranostic) tools, highly dispersed, stable and non-toxic nanoparticles are required. In the case of ZnO NCs, there is still a
lack of knowledge about cytotoxicity mechanisms and stability in the biological context, as well as immunological response and
hemocompatible features. We thus propose a novel approach to render stable, immune and hemocompatible ZnO NCs in various
biological media using artificial and natural phospholipidic bilayers.

Methodology & Theoretical Orientation: We synthesized amino-functionalized ZnO NCs, then shielded with phospholipid
bilayers either from synthetic origin or natural biovesicles. We characterized their structural, morphological, physico-chemical
properties, focusing on the coupling mechanism between ZnO NCs and the lipid vesicles. The stability behavior of different hybrid
nanocrystals was evaluated, comparing their biodegradation profiles in different inorganic and biological media. The study aims to
investigate how the particle surface chemistry and charge could influence their aggregation/degradation in the different media and
interaction with cells. We actually proved their hemocompatibility in human plasma and their internalization into cancer cells and
related cytotoxicity mechanisms. A stimuli responsive activation by UV-light was investigated for inducing high mortality of cancer
cells based on the hybrid NCs.

Findings: We demonstrated that pristine ZnO NCs strongly aggregate when suspended in both simulated and biological media,
showing small dissolution into potentially cytotoxic Zn-cations, also slightly affecting their crystalline structure. In contrast, high
colloidal stability and integrity was retained for hybrid lipid-shielded ZnO NCs in all media, accompanied by high biocompatibility,
efficient cell internalization and effective killing ability only upon stimuli-activation. These features render these hybrid ZnO NCs
ideal “Trojan horses” for further theranostic applications.
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Figure 1: Scheme of the hybrid nanocrystal, as a Trojan horse showing higher bio- and hemocompatibility, long-term stability
in various biological and inorganic fluids, improved cell internalization with respect to pristine ZnO NCs. A stimuli responsive
behavior, guided by UV-light is also reported.
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New approaches to simulation of enzymatic reactions: mimetic catalysis

The area between enzymatic and chemical catalyses, associated with simulation of biochemical processes by their basic parameters,
is accepted as mimetic catalysis. The key aspect of mimetic catalyst is diversity of enzyme and biomimetic function processes, which
principally distinguishes the mimetic model from traditional full simulation. Basing on the analysis of conformities and diversities
of enzymatic and chemical catalysis the general aspects of mimetic catalysis are discussed. Idealized model of biomimetic catalyst
and the exclusive role of the membrane in its structural organization are considered. The most important achievements in the branch
of catalysis are shown, in particular, new approaches to synthesis and study of biomimetic catalase, peroxidase and monooxidases
reactions. The catalysis direction, originated from simulation of biochemical processes, is suggested to call the ‘mimetic catalysis.
Mimetic catalysis designs a real model (a mimic) which simulates objects and processes of enzymatic catalysis by their basic (but
deficient) characteristics (selectivity, condition mildness, active site action mechanism etc.). Since only definite properties of enzyme
are simulated, it does not pretend to completeness of enzyme description, though optimal parameters by some properties may be
approached. The mimetic model of enzyme helps in synthesizing suitable catalysts using inaccurate and sometimes ambiguous
information. The overwhelming majority of biomimetics operate in liquid. Their activity depends on the origin of solvents, reaction
mixture and cell effects. Gas phase oxidation processes are less dependent on these effects and in the first approximation can be
considered as oxidation under quasi-ideal conditions. It goes without saying that enzymatic reactions do not proceed in gases.
However, it is possible to simulate catalytic functions in the gas phase. However, it is possible to simulate catalytic functions in the gas
phase. This simplifies the decoding of the reaction mechanism, not complicated by factors accompanying the liquid-phase oxidation.
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